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(57) ABSTRACT

A light emitting device housing having a concave part 1s
provided therein for housing a light emitting device. Side
surfaces of the concave part are each configured to be a
perpendicular surface that 1s substantially perpendicular to a
bottom surface of the concave part, and other side surfaces are
cach configured to be an inclined surface for reflecting light
from the light emitting device toward above the light emitting
device.
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LIGHT EMITTING DEVICE HOUSING AND A
MANUFACTURING METHOD THEREOL,
AND LIGHT EMITTING APPARATUS USING
THE SAME

This application claims foreign priority based on Japanese
Patent application No. 2006-184860, filed on Jul. 4th, 2006,

the contents of which 1s incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting device
housing and a manufacturing method thereof, and a light
emitting apparatus. More specifically, 1t relates to a light
emitting device housing including a concave part where a
light emitting device 1s provided therein, manufacturing
methods thereof, and a light emitting apparatus.

2. Description of the Related Art

FIG. 1 1s a cross sectional view of a conventional light
emitting apparatus. FIG. 2 1s a plan view of the light emitting
apparatus shown i FIG. 1.

With reference to FIGS. 1 and 2, a conventional light
emitting apparatus 100 has a wiring substrate 101, alight
emitting apparatus 102, and a metal frame 103. The wiring

substrate 101 has a main substrate 105, a wiring 106, through
vias 107 and 108, and external connection terminals 111 and

112.

The main substrate 103 1s shaped 1n a plate form, and has
through holes 114A and 114B. The wiring 106 1s provided on
the top side 105A of the main substrate 105. The through via
107 1s provided 1n the through hole 114A, and 1s connected to
the wiring 106. The through via 108 1s provided in the through
hole 114B.

The external connection terminal 111 1s provided on the
back surface 105B of the main substrate 105. The external
connection terminal 111 1s connected with the through via
107. The external connection terminal 112 1s provided on the
back surface 105B of the main substrate 105. The external

connection terminal 112 1s connected with the through via
108.

The light emitting device 102 1s provided on the wiring
106. The light emitting device 102 has power supply termi-
nals 117 and 118. The power supply terminal 117 1s con-
nected with the wiring 106, while the power supply terminal

118 1s electrically connected with the through via 108 by a
wire 119.

The metal frame 103 15 provided on the top side 105A of the
main substrate 105. The metal frame 103 has an inner opening,
121, and an inclined surface 122 forming the side surface of
the mnner opening 121. The mnner opening 121 1s formed 1n a
taper shape such as to increase 1n width from the back surface
103 A side of the metal frame 103 toward the top side 103B
side thereof. The inclined surface 122 1s functioning as a
reflector to reflect the light emitted from the light emitting,
device 102 to a lens (not shown) which 1s disposed over the
light emitting apparatus 100. Provision of such an inclined

surface 122 can improve the luminous efficiency of the light
emitting apparatus 100 such as known in JP-A-2004-281992.

However, although the conventional light emitting appara-
tus 100 can be improved in luminous efficiency, 1t 1s hardly
avoidable that the light emitted upwardly from the light emat-
ting apparatus 100 would eventually diffuses. In this regard, 1t
1s not an appropriate application to use the light emitted from
the light emitting apparatus 100 as a point light source. As for
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the light emitting apparatus serving as a point light source,
they can be applied for a spotlight, a headlight of a vehicle,
and so on.

SUMMARY OF THE INVENTION

Under such circumstances, 1t 1s an object of the present
ivention to provide a light emitting device housing capable
of improving the luminous efficiency, and capable of sup-
pressing the diffusion of light emitted upwardly from the light
emitting device, and a manufacturing method thereof, and a
method for manufacturing a light emitting apparatus.

In accordance with one of the aspects of the present inven-
tion, there 1s provided a light emitting device housing includ-
ing a concave part where a light emitting device 1s provided
therein, characterized 1n that the concave part has a plurality
of side surfaces, at least one side surface among the plurality
of the side surfaces 1s configured to be substantially perpen-
dicular to the bottom surface of the concave part, and other
side surfaces in said plurality of the side surfaces, 1n other
words, other than those being configured as the perpendicular
surface, are configured to be inclined surfaces to reflect the
light from the light emitting device upwardly.

In accordance with the invention, tanks for said at least one
side surface that 1s substantially perpendicular to the bottom
surface of the concave part, and the side surfaces having such
inclined surfaces reflecting light from the light emitting
device toward above the light emitting device, 1s the present
invention makes 1t possible to improve the luminous eifi-
ciency by suppressing the diffusion of light emitted upwardly
from the light emitting device housing.

In accordance with another aspect of the invention, there 1s
provided a method for manufacturing a light emitting device
housing including a concave part provided where a light
emitting device 1s mounted therein, said methods comprising
the steps of: a silicon substrate preparation step of preparing
a silicon substrate of which principal surface 1s a <100>
plane, a resist film formation step of forming a resist {ilm on
the principal surface of the silicon substrate, said resist film
including an opening in a quadrangular shape 1n plan view,
and a concave part formation step of etching the silicon sub-
strate to form the concave part by wet etching using the resist
film as a mask, characterized in that forming the opening 1s
performed 1n a way such that any one pair of the opposing two
sides of the opening 1s aligned to have an angle of 45 degrees
with respect to the <110> plane of the silicon substrate.

In accordance with the invention, tanks for a resist film
formed on the silicon substrate with a quadrangular shape
opening of which one pair of the opposing two sides 1s aligned
to have an angle of 45 degrees with respectto the <110>plane
of the silicon substrate, 1t 1s possible to readily form the
concave part which has the side surfaces of the concave part
made substantially perpendicular to the bottom surface of the
concave part, and the side surfaces of the concave part each
configured to be an inclined surface so as to retlect the light
emitted from the light emitting device upwardly.

In accordance with the present invention, 1t 1s possible to
improve the luminous efficiency of a light emitting apparatus,
and 1t 1s possible to suppress the diffusion of light emaitted
upwardly from a light emitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross sectional view of a conventional light
emitting apparatus;

FIG. 2 shows a plan view of the light emitting apparatus
shown 1n FIG. 1;
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FIG. 3 shows a plan view of a light emitting apparatus in
accordance with a first embodiment of the invention;

FIG. 4 shows a cross sectional view along line A-A of the
light emitting apparatus shown in FIG. 3;

FIG. 5 shows a cross sectional view along line B-B of the
light emitting apparatus shown in FIG. 3;

FIG. 6 shows a cross sectional view along line C-C of the
light emitting apparatus shown in FIG. 3;

FI1G. 7 shows the first explanation view 1n a manufacturing,
step of a light emitting device housing 1n accordance with the
first embodiment of the invention;

FIG. 8 shows the second explanation view 1n a manufac-
turing step of the light emitting device housing 1n accordance
with the first embodiment of the invention;

FI1G. 9 shows the third explanation view 1n a manufacturing,
step of the light emitting device housing in accordance with
the first embodiment of the invention;

FIG. 10 shows the fourth explanation view 1n a manufac-
turing step of the light emitting device housing 1n accordance
with the first embodiment of the invention;

FI1G. 11 shows the fifth explanation view 1n a manufactur-
ing step of the light emitting device housing 1n accordance
with the first embodiment of the invention;

FI1G. 12 shows the sixth explanation view 1n a manufactur-
ing step of the light emitting device housing 1n accordance
with the first embodiment of the invention;

FIG. 13 shows the seventh explanation view 1n a manufac-
turing step of the light emitting device housing 1n accordance
with the first embodiment of the invention;

FI1G. 14 shows the eighth explanation view in a manufac-
turing step of the light emitting device housing 1n accordance
with the first embodiment of the invention; and

FIG. 15 shows a plan view of a light emitting apparatus in
accordance with a second embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
herein below by reference to the drawings. Unless otherwise
specifically defined 1n the specification, terms have their ordi-
nary meaning as would be understood by those of ordinary
skill 1n the art.

First Embodiment

FIG. 3 1s a plan view of a light emitting apparatus in
accordance with a first embodiment of the invention. F1G. 4 1s
a cross sectional view along line A-A of the light emitting
apparatus shown 1n FIG. 3.

With reference to FIGS. 3 and 4, a light emitting apparatus
10 of the first embodiment has a light emitting device housing
11 and a light emitting device 12.

The light emitting device housing 11 has a housing main
body 14 and via electrodes 15 and 16. The housing main body
14 1s for housing the light emitting device 12. As the material
for the housing main body 14, for example, silicon can be
used. The housing main body 14 has through holes 17A and
17B, and a concave part 18.

The through holes 17A and 17B are formed so as to pen-
etrate through the housing main body 14.

The concave part 18 1s for housing the light emitting device
12, and has six side surfaces 18B to 18G (a plurality of side
surfaces). The side surfaces 18B and 18C of the concave part
18 are provided so as to face any one of two long sides of the
tour sides of the light emitting device 12 which 1s a rectangle
in plan configuration.
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FIG. § 1s a cross sectional view along line B-B of the light
emitting apparatus shown in FIG. 3. In FIG. 5, the same
constitutional elements as those of the light emitting appara-
tus 10 shown 1n FIG. 3 are given the same reference numerals
and signs.

By reference to FI1G. 5, the side surface 18B of the concave
part 18 1s configured to have a perpendicular surface substan-
tially perpendicular to the bottom surface 18A of the concave
part 18. The angle 01 formed between the side surface 18B
and the bottom surface 18 A of the concave part 18 1s set to be
substantially 90 degrees. Whereas, the side surface 18C of the
concave part 18 1s configured to have a perpendicular surface
substantially perpendicular to the bottom surface 18A of the
concave part 18. The angle formed between the side surface
18C and the bottom surface 18 A of the concave part 18 1s set
to be substantially 90 degrees.

Thus, the side surfaces 18B and 18C of the concave part 18
for housing the light emitting device 12 are configured to have
perpendicular surfaces made substantially perpendicular to
the bottom surface 18A of the concave part 18. This can
suppress the diffusion of light emitted from the light emitting
apparatus 10. As a result of this, it becomes possible to allow
the light emitted from the light emitting apparatus 10 to serve
as a point source.

Further, the light emitting device 12 1s disposed such that
cach of the side surfaces 18B and 18C having the perpendicu-
lar surfaces 1s opposed to any one of two long sides of the four
sides of the light emitting device 12 which 1s a rectangle 1n
plan configuration. This can improve the effect of suppressing
the diffusion of light emitted upwardly from the light emitting
device 12.

When a silicon substrate 1s used as the base material for the
housing main body 14, the <010>planes of the silicon sub-
strate can be utilized for the side surfaces 18B and 18C of the
concave part 18, which turns out significantly improving its
manufacturing productivity. This 1s because a method of
forming the housing body 14 is directly performed on the
s1licon substrate, and etching the concave part of the housing
body 1s performed by aligning one pair of the opposing two
sides of the opening to have an angle o145 degree with respect
to the <110> plane of the silicon substrate as will be explained
later on.

By reference to FIG. 3, the side surtace 18D of the concave
part 18 1s disposed so as to be adjacent to the side surfaces 18B
and 18F of the concave part 18. The side surface 18E of the
concave part 18 1s disposed so as to be adjacent to the side
surfaces 18C and 18D of the concave part 18. In other words,
the side surfaces 18D and 18E of the concave part 18 are
arranged so as to be adjacent to each other.

The side surface 18F of the concave part 18 1s disposed so
as to be adjacent to the side surfaces 18B and 18G of the
concave part 18. The side surface 18G of the concave part 18
1s disposed so as to be adjacent to the side surfaces 18C and
18F of the concave part 18. In other words, the side surfaces
18F and 18G of the concave part 18 are arranged so as to be
adjacent to each other.

FIG. 6 1s a cross sectional view along line C-C of the light
emitting apparatus shown in FIG. 3. In FIG. 6, the same
constitutional elements as those of the light emitting appara-
tus 10 shown 1n FI1G. 3 are given the same reference numerals
and signs.

By reference to FIG. 6, the side surface 18D of the concave
part 18 1s configured to have an inclined surface capable of
reflecting light emitted from the light emitting device 12
toward above the light emitting device 12. The angle 02
formed between the side surface 18D and the bottom surface
18A of the concave part 18 can be set to be, for example, 54.7
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degrees. The side surfaces 18E to 18G of the concave part 18
are 1inclined surfaces shaped in the same form as that of the

side surface 18D described above.

Thus, the side surfaces 18D to 18G of the concave part 18
for housing the light emitting device 12 are each configured to
be an inclined surface capable of reflecting light from the light
emitting device 12 toward above the light emitting device 12.
This can improve the luminous efficiency of the light emitting
apparatus 10.

Further, the side surfaces 18D and 18E of the concave part
18 configured to have incline surfaces are arranged so as to be
adjacent to each other. As a result, 1t makes possible to reflect
light with efficiency. This can further improve the luminous
eificiency of the light emitting apparatus 10. Whereas, the
side surfaces 18F and 18G of the concave part 18 configured
to be incline surfaces are arranged so as to be adjacent to each
other. This can further improve the luminous efficiency of the
light emitting apparatus 10.

When a silicon substrate 1s used as the base material for the
housing main body 14, the <111> plane of the silicon sub-
strate can be utilized for the side surfaces 18D to 18G of the
concave part 18, which turns out significantly improving its
manufacturing productivity.

This 1s because a method of forming the housing body 14 1s
directly performed on the silicon substrate, and etching the
concave part of the housing body 1s performed by aligning
one pair of the opposing two sides of the opening to have an
angle of 45 degree with respect to the <110>plane of the
s1licon substrate as will be explained later on.

With the light emitting device housing of this embodiment,
the side surfaces 18B and 18C of the concave part 18 for
housing the light emitting device 12 are each configured to
have a perpendicular surface made substantially perpendicu-
lar to the bottom surface 18A of the concave part 18. In
addition, the side surfaces 18D to 18G of the concave part 18
are each configured to be an inclined surface capable of
reflecting light toward above the light emitting device 12. As
a result, 1t 1s possible to improve the luminous efficiency of
the light emitting apparatus 10, and 1t 1s possible to suppress
the diffusion of light emitted from the light emitting apparatus
10.

Then, by reference to FIGS. 3 and 4, the via electrodes 15
and 16, and the light emitting device 12 will be described 1n
this order. The via electrode 15 1s disposed 1n the through hole
17A. The upper end portion of the via electrode 15 1s electri-
cally connected with a power supply terminal 22 of the light
emitting device 12. The lower end portion of the via electrode
15 has a function as an external connection terminal.

The via electrode 16 1s disposed 1n the through hole 17B.
The upper end portion of the via electrode 16 1s electrically
connected with a power supply terminal 23 of the light emat-
ting device 12. The lower end portion of the via electrode 16
has a function as an external connection terminal.

As the material for the via electrodes 15 and 16, for
example, Cu can be used. Whereas, when silicon 1s used as the
material for the housing main body 14, an insulation film (not
shown) 1s formed at the portion at which the through holes
17A and 17B are formed of the housing main body 14. This
establishes insulation between the housing main body 14 and
the via electrodes 15 and 16.

The light emitting device 12 1s mounted on the bottom
surface 18 A of the concave part 18. The light emitting device
12 1s an element which emits light from all sides. The light
emitting device 12 is a rectangle in plan configuration, and
has power supply terminals 22 and 23. The power supply
terminal 22 1s electrically connected with the via electrode 15
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via a wire 25. The power supply terminal 23 1s electrically
connected with the via electrode 16 via a wire 26.

With the light emitting apparatus of this embodiment, the
side surfaces 18B and 18C of the concave part 18 for housing
the light emitting device 12 are configured to have perpen-
dicular surfaces made substantially perpendicular to the bot-
tom surface 18 A of the concave part 18. In addition, the side
surfaces 18D to 18G of the concave part 18 are each config-
ured to be an inclined surface capable of reflecting light
toward above the light emitting device 12. As a result, 1t 1s
possible to improve the luminous efficiency of the light emat-
ting apparatus 10, and it 1s possible to suppress the diffusion
of light emitted from the light emitting apparatus 10.

In this embodiment, a description was given by taking the
case where two perpendicular surfaces were provided. More
specifically, the side surfaces 18B and 18C of the concave part
18 are each configured to have a perpendicular surface as an
example. However, 1t might be suflicient for achieving the
object of the mvention even 1f the perpendicular surface 1s
formed on only one side surface of the side surfaces of the
concave part 18. Further, the respective numbers of the per-
pendicular surfaces and the inclines surfaces formed on the
side surfaces of the concave part 18 are not limited to those
discussed 1n the light emitting apparatus 10 of this embodi-
ment.

FIGS. 7 to 14 are diagrams showing the manufacturing
process of the light emitting device housing in accordance
with the first embodiment of the invention. In FIGS. 7 to 14,
as to the same structural elements of the light emitting device
housing 11 of the first embodiment, the same reference
numerals and signs will be given. Whereas, in FIGS. 7 to 14,
E denotes the region 1n which the light emitting device hous-
ing 11 1s formed (which 1s hereinafter referred to as a “light
emitting device housing formation region E”), and F denotes
the <110> plane of the silicon substrate 31 perpendicular to
the <100> plane of the silicon substrate 31.

First, in a step shown 1n FIG. 7, the silicon substrate 31 1n
which the top side 31A (fist main side) 1s a <100> plane 1s
prepared (silicon substrate preparation step).

Then, 1n a step shown 1n FIG. 8, on the top side 31 A of the
s1licon substrate 31, a resist film 33 having an opening 34 1n
a quadrangular shape i plan view 1s formed (resist film
formation step). The opening 34 1s formed 1n the resist film 33
corresponding to the light emitting device housing formation
region E. The opening 34 1s formed 1n such a way that any one
pair of opposing two sides (e.g. 34A and 34B in FI1G. 8) of the
opening 34 has an angle of 45 degrees (03=45 degrees) with
respect to the <110> plane (F shown 1n FIG. 8) of the silicon
substrate 31.

Then, 1n a step shown 1n FIG. 9, the silicon substrate 31 1s
ctched by wet etching using the resist film 33 having the
opening 34 as a mask. This forms the concave part 18 includ-
ing the side surfaces 18B and 18C which are the perpendicu-
lar surfaces made substantially perpendicular to the bottom
surface 18 A of the concave part 18, and the side surfaces 18D
to 18G each configured to be an inclined surface reflecting
light emitted from the light emitting device 12 toward above
the light emitting device 12 (concave part formation step).
The side surfaces 18B and 18C of the concave part 18 are the
surfaces corresponding to the <010> plane of the silicon
substrate 31. On the other hand, the side surfaces 18D to 18G

of the concave part 18 are the surfaces corresponding to the
<111> plane of the silicon substrate 31.

As explained above, the resist film 33 having the opening
34 1s formed 1n a quadrangular shape, where the top side 31A
1s aligned to be a <100> plane of the silicon substrate 31. In
addition, the opening 34 1s formed 1n such a way that a pair of
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opposing two sides 34A and 34B has an angle of 45 degrees
with respect to the <110> plane of the silicon substrate 31.
Then, the silicon substrate 31 1s etched by wet etching or
anisotropic etching method with using the resist film 33 as a
mask. As a result, this makes 1t possible to readily form the
concave part 18 including the side surfaces 18B and 18C
made substantially perpendicular to the bottom surface 18 A,
as well as the side surfaces 18D to 18G each configured to be
an inclined surface to retlect the light emitted from the light
emitting device 12 upwardly.

This can be realized by utilizing the physical characteris-
tics of the semiconductor water, more specifically, the differ-
ence of the etching rates between the <010> plane and the
<111> plane. That 1s, since the etching rate 1s much slower 1n
<010> plane than 1n <111> plane, 1t 1s possible to keep the
side surfaces 18B and 18C to be substantially perpendicular
to the bottom surtace or to the <100> surface due to the time
required for revealing the inclined side surfaces 18D to 18G
or for the <111> plane, which 1s relatively shorter than that of
being required for revealing the <010> plane.

Then, 1 a step shown 1n FIG. 10, the resist film 33 1s
removed. Then, 1n a step shown i FIG. 11, 1n the silicon
substrate 31 corresponding to the bottom surface 18A of the
concave part 18, the through holes 17A and 17B are formed.
Specifically, for example, on the structure shown 1n FIG. 10,
a resist film (not shown) having opemings corresponding to
the positions at which the through holes 17A and 17B are
formed 1s formed. With dry etching using the resist film as a
mask, etching 1s carried out until the silicon substrate 31 1s
penetrated, thereby to form the through holes 17A and 17B.

Then, 1 a step shown 1 FIG. 12, on each portion of the
s1licon substrate 31 corresponding to the side surfaces of the

through holes 17A and 17B, an insulation film 38 1s formed.

Then, 1n a step shown 1n FIG. 13, the via electrodes 15 and
16 are formed 1n the through holes 17A and 17B each having
the insulation film 38 formed thereon, respectively. As aresult
of this, on a portion of the silicon substrate 31 corresponding
to the light emitting device housing formation region E, a
structure corresponding to the light emitting device housing

11 1s formed.

The via electrodes 15 and 16 can be formed by, for
example, a plating method. Whereas, as the material for the
via electrodes 15 and 16, for example, Cu can be used.

Subsequently, the portion of the silicon substrate 31 corre-
sponding to the light emitting device housing formation
region E 1s cut from the silicon substrate 31. As a result, the
light emitting device housing 11 as shown in FIG. 14 1s
manufactured.

With the manufacturing method of the light emitting
device housing of this embodiment, on the top side 31 A of the
s1licon substrate 31 configured to be a <100 plane, the resist
f1lm 33 having the opening 34 in a tetragon in plan configu-
ration 1s formed. In addition, the opening 34 1s formed such
that any one pair of opposing two sides 34A and 34B of the
two pairs of opposing two sides of the tetragon 1n plan con-
figuration each form an angle of 45 degrees with the <110>
plane of the silicon substrate 31. Then, the silicon substrate 31
1s etched by wet etching using the resist film 33 as a mask. As
a result, 1t 1s possible to easily form the concave part 18
including the side surfaces 18B and 18C made substantially
perpendicular to the bottom surface 18A, and the side sur-
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faces 18D to 18G each configured to be an inclined surface
reflecting light from the light emitting device 12 toward above
the light emitting device 12.

Second Embodiment

FIG. 15 1s a plan view of a light emitting apparatus in
accordance with a second embodiment of the invention. In
FIG. 15, the same constitutional elements as those of the light
emitting apparatus 10 of the first embodiment are given the
same reference numerals and signs.

With reference to FI1G. 15, a light emitting apparatus 30 of
the second embodiment has a light emitting device housing
51 and light emitting devices 53 and 54. The light emitting
device housing 51 1s configured similarly with the light emat-
ting device housing 11, except that the through holes 17A and
178, and the via electrodes 15 and 16 disposed on the light
emitting device housing 11 of the first embodiment are dis-
posed 1n the vicinity of the center of the bottom surface 18A
of the concave part 18.

The light emitting device 53 has a substantially square
form 1n plan configuration, and 1s an element which emits
light from all sides.

The light emitting device 33 1s provided on the bottom
surface 18 A of the concave part 18. The light emitting device
53 1s arranged such that the side surface 53A of the light
emitting device 53 faces the side surface 18D of the concave
part 18 configured to be an inclined surface, and such that the

side surface 53B of the light emitting device 33 adjacent to the
side surface 53A 1

taces the side surface 18E of the concave
part 18 configured to be an inclined surface. The light emit-
ting device 53 has power supply terminals 56 and 57. The
power supply terminal 56 1s electrically connected with the
via electrode 15 via a wire 58. The power supply terminal 57
1s electrically connected with the via electrode 16 via a wire
59.

The light emitting device 54 has a substantially square
form 1n plan configuration, and 1s an element which emuits
light from all sides. The light emitting device 34 1s provided
on the bottom surface 18A of the concave part 18. The light
emitting device 34 1s arranged such that the side surface 54 A
of the light emitting device 54 faces the side surface 18F of the
concave part 18 configured to be an inclined surface, and such
that the side surface 34B of the light emitting device 54
adjacent to the side surface 54 A of the light emitting device 54
faces the side surface 18G of the concave part 18 configured
to be an inclined surface. The light emitting device 54 has
power supply terminals 61 and 62. The power supply terminal
61 is electrically connected with the via electrode 15 by a wire
63. While, the power supply terminal 62 1s electrically con-
nected with the via electrode 16 by a wire 64. Having had this
confligurations, it 1s possible to avoid the emitted light from
being shielded by the wires.

With the light emitting apparatus of this embodiment, the
light emitting devices 33 and 54 are disposed on the bottom
surface 18A of the concave part 18 such that the side surfaces
53A, 53B, 54 A, and 54B of the light emitting devices 53 and
54 face any one of the side surfaces 18D to 18G ofthe concave
part 18 each configured to be an inclined surface. As a result,
it 15 possible to Turther improve the luminous efficiency of the
light emitting apparatus 50 as compared with the light emat-
ting apparatus 10 of the first embodiment.

Incidentally, the light emitting apparatus 50 of the second
embodiment with the foregoing configuration can provide the
same ellects as with the light emitting apparatus 10 of the first
embodiment. Whereas, the light emitting device housing 51
described in this embodiment can be manufactured with the
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same procedures as with the light emitting device housing 11
described in the first embodiment. Further, a description was
given by taking, as an example, the case where the two light
emitting devices 53 and 54 were mounted on the concave part
18 of the light emitting device housing 51. However, it 1s also
acceptable that three or more light emitting devices are pro-
vided on the bottom surface 18A of the concave part 18.

Up to this point, the preferred embodiments of the iven-
tion were described 1n details. However, the invention 1s not
limited to such specific embodiments, and various modifica-
tions/changes are possible within the scope of the gist of the
invention described 1n the appended claims.

The present invention 1s applicable to a light emitting
device housing for use 1n spotlight, headlight of a car, or the
like, and a manufacturing method thereotf, and a light emitting
apparatus.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the described
preferred embodiments of the present mmvention without
departing from the spirit or scope of the invention. Thus, 1t 1s
intended that the present invention cover all modifications
and variations of this invention consistent with the scope of
the appended claims and their equivalents.

What 1s claimed 1s:

1. A light emitting device housing including a concave part

that receives a light emitting device, comprising:

a single silicon substrate comprising the concave part
formed therein that has a bottom surface that a plurality
of side surfaces surround, said side surfaces of the single
s1licon substrate including:
first and second side surfaces that are substantially per-

pendicular to the bottom surtace of the concave part,
said first side surface being disposed on a first side of
said light emitting device while said second side sur-
face 1s disposed on a second side of said light emitting
device, and wherein said first side surface faces
toward said second side surface and 1s spaced a dis-
tance from said second side surface, and

a plurality of inclined side surfaces that are disposed at
ends of the first and second side surfaces so as to
extend between said first and second side surfaces,
said inclined side surfaces extending upwardly from a
lower end intersecting said bottom surface and serv-
ing to upwardly reflect light from the light emitting
device, the plurality of inclined surfaces comprising
first and second pairs of inclined surfaces, and the first
pair of inclined surfaces being adjacent each other and
the second pair of inclined surfaces being adjacent
each other,

wherein via electrodes are formed through the bottom sur-
face of the concave part, and the via electrodes are elec-
trically connected to the light emitting device.

2. The light emitting device housing according to claim 1,
wherein the light emitting device has a rectangle shape, and
the light emitting device 1s disposed such that each of the long,
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sides thereof faces an adjacent one of the first and second side
surfaces the light emitting device housing.

3. The light emitting device housing according to claim 1,
wherein the light emitting device has a rectangle shape, and
the light emitting device 1s disposed such that each of the long
sides thereof faces an adjacent one of the first and second side
surfaces of the light emitting device housing.

4. The light emitting device housing according to claim 1,
wherein the light emitting device has a quadrangular shape,
and the light emitting device 1s disposed such that each of the
long sides thereof faces an adjacent one of the first and second
side surfaces of the light emitting device housing.

5. The light emitting device housing according to claim 1,
wherein the light emitting device has a quadrangular shape,
and the light emitting device 1s disposed such that each of the
long sides thereot faces an adjacent one of the first and second
side surfaces of the light emitting device housing.

6. The light emitting device housing according to claim 1,
wherein the first and second side surfaces are surfaces corre-
sponding to <010 >planes of the single silicon substrate and
the inclined side surfaces are surfaces corresponding to
planes of the single silicon substrate.

7. A light emitting apparatus, comprising:

a light emitting device that 1s provided 1n the light emitting

device housing, wherein

said light emitting device housing comprises a single sili-

con substrate having a concave part formed therein with

a plurality of side surfaces, said plurality of side surfaces

comprising;:

first and second side surfaces among the plurality of the
side surfaces having a perpendicular surface so as to
be substantially perpendicular to a bottom surface of
the concave part, said first surface being on a side of
said light emitting device opposite to said second
surface and being oriented such that said first and
second side surface face one another; and

a plurality of inclined side surfaces, said plurality of
inclined side surfaces being disposed on ends of said
first and second side surfaces and serving to intercon-
nect said ends of said first and second side surfaces,
wherein the plurality of inclined surfaces upwardly
reflect light from the light emitting device,

wherein via electrodes are formed through the bottom sur-

face of the concave part, and the via electrodes are elec-
trically connected to the light emitting device.

8. The light emitting apparatus according to claim 7,
wherein the first and second side surfaces are surfaces corre-
sponding to planes of the single silicon substrate and the
inclined side surfaces are surfaces corresponding to planes of
the single silicon substrate.

9. The light emitting apparatus according to claim 7,
wherein the plurality of inclined surfaces comprise first and
second pairs of inclined surfaces, and the first pair of inclined
surfaces are adjacent each other and the second pair of
inclined surfaces are adjacent each other.
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